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Abstract
The present invention provides an improved method for constructing a gas distribution system which creates
two distinct reaction zones within the same fluidized bed. The invention provides for the distribution of one
type of gas at the bottom of the fluidized bed and a second type of gas at a higher level in the fluidized bed.
The system is constructed of a plurality of modular units constructed entirely of refractory materials. The
modules are fitted and linked together to form a grid, the size of which can be varied to accommodate different
reactor sizes.
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GAS DISTRIBUTION SYSTEM FOR A 
TWO-ZONE FLUIDIZED BED REACTOR 
CROSS-REFERENCE TO A RELATED 
APPLICATION 
This application claims the bene?t of US. Provisional 
Application No. 60/072,031 ?led Jan. 21, 1998. 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to gas ?uidized bed reactors. 
More particularly, though not exclusively, the present inven 
tion relates to an apparatus and method for the improved 
construction of a gas distribution system for a ?uidized bed 
reactor having tWo reaction zones. 
2. Problems in the Art 
Several processes have been proposed in the prior art for 
treating solid particles in a tWo-zone ?uidized bed reactor. 
For some applications of a tWo-zone ?uidized bed reactor, 
oxidizing conditions are maintained in one zone While 
reducing conditions are maintained in another zone so that 
as the particles circulate in the ?uidized bed, they are 
alternately oxidized and reduced. 
One example Where such a reactor can be used is for the 
conversion of calcium sul?de to calcium oxide at a tem 
perature in the range of 900° C. to 1200° C. This example 
is explained in detail in US. Pat. Nos. 5,433,939 and 
5,653,955 Which are incorporated by reference herein. When 
calcium sul?de particles are treated With air in this tempera 
ture range, an outer layer of each calcium sul?de particle is 
converted to calcium sulfate Which prevents further reaction. 
HoWever, if the particles are treated subsequently With a 
reducing gas, the layer of calcium sulfate formed on the 
surface is converted to calcium oxide, Which is porous 
enough to alloW oxygen to penetrate and to react With 
another layer of calcium sul?de. As the particles are exposed 
repeatedly to oxidizing and reducing conditions, they are 
converted one small layer at a time, ?rst to calcium sulfate 
and then to calcium oxide until all of the calcium sul?de is 
gone. 
Another process Where a tWo-zone ?uidized bed reactor 
can be used is for the conversion of calcium sulfate particles 
to calcium oxide particles in the 1000° C. to 1200° C. 
temperature range. This example is explained in detail in 
US. Pat. No. 4,102,989 Which is incorporated by reference 
herein. While reducing conditions are needed to convert 
calcium sulfate into calcium oxide in this temperature range, 
and the rate of conversion is proportional to the reducing gas 
concentration, such conditions also favor side reactions 
Which convert calcium sulfate into calcium sul?de. By using 
the tWo-zone ?uidized bed reactor in Which the circulating 
particles are alternately and repeatedly exposed to reduction 
and oxidation, any calcium sul?de produced during a pass 
through the reducing zone is eliminated during a subsequent 
pass through the oxidizing zone. After numerous passes 
through the oxidizing and reducing zones, the particles are 
converted almost entirely into calcium oxide. 
The process of alternately oxidizing and reducing par 
ticles has been demonstrated in the prior art in bench-scale 
tWo-zone ?uidized bed reactors up to ten inches in diameter. 
This is explained in detail in C. E. Morris, T. D. Wheelock, 
and L. L. Smith, “Processing Waste Gypsum in a TWo-Zone 
Fluidized Bed Reactor”, AIChE Symposium Series No. 255, 
(Vol. 83), pp. 94—104 (1987), Which is incorporated by 
reference herein. In these prior art reactors, a mixture of 
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primary air and natural gas has been introduced through a 
refractory grid plate at the bottom of the ?uidized bed and 
excess secondary air has been introduced through an axial 
ceramic tube Which discharged air from above at approxi 
mately mid-level in the ?uidized bed. By employing a 
sub-stoichiometric amount of primary air, highly reducing 
conditions have been created in approximately the loWer 
half of the ?uidized bed, and by introducing excess second 
ary air at mid-level, oxidizing conditions have been created 
in approximately the upper half of the ?uidized bed. Since 
sulfur dioxide has been released Within the ?uidized bed, the 
gas phase has been extremely corrosive for metals at the 
high reaction temperature. Therefore, the internal compo 
nents of reactors have been made entirely of refractory 
materials. 
It is very dif?cult to apply the concept of tWo-zone 
?uidized bed reactors on a large commercial scale since the 
reactor has to be constructed almost entirely of refractory 
materials in order to Withstand the high temperature and 
corrosive conditions. The design and fabrication of large 
refractory grid plates for gas distribution and for the support 
of high temperature ?uidized beds is Well knoWn in the art. 
HoWever, existing designs do not provide for the distribution 
of a second gas higher in the ?uidized bed. Therefore, a 
practical and effective system is needed for distributing 
different gases at tWo or more different levels Within the 
same ?uidized bed for large scale reactors. 
Features of the Invention 
A general feature of the present invention is the provision 
of a method and apparatus for providing a tWo-zone ?uid 
ized bed reactor Which overcomes problems found in the 
prior art. 
A further feature of the present invention is the provision 
of a method and apparatus for providing a tWo-zone ?uid 
ized bed reactor gas distributor comprised of a plurality of 
grid modules placed together to form the gas distributor. 
Further features, objects and advantages of the present 
invention include: 
A method and apparatus for providing a tWo-zone ?uid 
ized bed reactor gas distributor Which utilizes a plurality of 
grid modules Which include both upper and loWer discharge 
openings. 
A method and apparatus for providing a tWo-zone ?uid 
ized bed reactor gas distributor Which utilizes a plurality of 
grid modules Which are adapted to interlock With each other. 
A method and apparatus for providing a tWo-zone ?uid 
ized bed reactor gas distributor Which utilizes a plurality of 
grid modules having passageWays formed therein for dis 
tributing gas to the ?uidized bed. 
A method and apparatus for providing a tWo-zone ?uid 
ized bed reactor gas distributor Which utilizes a plurality of 
grid modules, each including a central vertical tube extend 
ing upWard for introducing a gas into the ?uidized bed. 
A method and apparatus for providing a tWo-zone ?uid 
ized bed reactor gas distributor Which utilizes a plurality of 
grid modules including doWnWardly sloping openings for 
introducing gas into the ?uidized bed While preventing 
particles from entering the openings. 
A method and apparatus for providing a tWo-zone ?uid 
ized bed reactor gas distributor using a plurality of square 
grid modules interlocked together. 
A method and apparatus for providing a tWo-zone ?uid 
ized bed reactor gas distributor using a plurality of triangular 
grid modules interlocked together. 
US 6,197,265 B1 
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These as well as other features, objects and advantages of 
the present invention will become apparent from the fol 
lowing speci?cation and claims. 
SUMMARY OF THE INVENTION 
The two-zone ?uidized bed reactor gas distributor of the 
present invention is comprised of a supporting structure and 
one or more modules supported by the supporting structure. 
Each of the modules includes a body portion and ?rst and 
second passageways for gas. One of the passageways 
eXtends upward from the body in order to create the upper 
level of the two-zone ?uidized bed. The second passageway 
supplies gas to the ?uidized bed at a level lower than the ?rst 
passageway. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of a grid module of the 
present invention. 
FIG. 2 is a perspective view of an alternate grid module 
of the present invention. 
FIGS. 3A and 3B are alternate partial enlarged sectional 
views taken along line 3—3 of FIG. 1. 
FIG. 4 is a plan view of an assembly of the grid modules 
shown in FIG. 1. 
FIG. 5 is a plan view of an assembly of the grid modules 
shown in FIG. 2. 
FIG. 6 is an elevational view of the ?uidized bed gas 
distributor of the present invention. 
FIG. 7 is a sectional view of the ?uidized bed gas 
distributor of the present invention taken along line 7—7 of 
FIG. 4. 
FIG. 8 shows the ?uidized bed gas distributor shown in 
FIG. 7 with the ceramic caps removed. 
FIG. 9 is a sectional view of the ?uidized bed gas 
distributor of the present invention taken along line 9—9 of 
FIG. 4. 
FIG. 10 is a partial sectional view showing a grid module 
and a perimeter module of the present invention. 
FIG. 11 is an elevational view of two interlocked grid 
modules illustrating various dimensions. 
FIG. 12 is an elevational view of an alternate embodiment 
of the present invention. 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 
The present invention will be described as it applies to its 
preferred embodiment. It is not intended that the present 
invention be limited to the described embodiment. It is 
intended that the invention cover all alternatives, 
modi?cations, and equivalencies which may be included 
within the spirit and scope of the invention. 
The present invention (described in detail below) provides 
a method and apparatus for the construction of a gas 
distribution system for a two-zone ?uidized bed reactor. This 
system provides for the distribution of one type of gas at the 
bottom of the bed and another type of gas at a higher level 
in the bed. The gas distribution system is constructed 
entirely of refractory materials, either ceramic or cermet. 
The system is also constructed in modular form. Ceramic 
modules are ?tted and linked together as described in detail 
below, to form a gas distribution grid, the size of which can 
be varied to accommodate various reactor sizes by using 
different numbers of modules. 
FIG. 1 is a perspective view of an individual square grid 
module 10. The module 10 is designed to be placed on a 
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perforated ?at supporting structure (described below) and to 
be ?tted between four similar surrounding grid modules 10 
or a perimeter module (described below). In the preferred 
embodiment, the modules 10 ?t together in a “tongue and 
groove” manner. Two adjacent sides of each module 10 
protrude outward a short distance (forming a tongue 12) to 
?t into a recessed side (groove 14) of an adjacent module 10. 
The other two sides of the module 10 are recessed (forming 
the groove 14) to receive the protruding sides or tongues 12 
of the adjacent modules 10. Each module 10 is provided 
with four vertical passageways 16 (described below) for 
conducting gas from below the grid plate to the bottom of 
the ?uidized bed. 
Each module 10 also includes horizontal passageways 18 
for conducting a second gas to a vertical tube 20 which rises 
from the center of the module 10. The horizontal passage 
ways 18 intersect with similar passageways from adjacent 
modules and serve to conduct the second gas from one 
module 10 to the neXt. The upper end 22 of the central 
vertical tube 20 is closed in the preferred embodiment to 
prevent the back ?ow of particles into the tube 20. Several 
small holes 24 provided in the side of the tube 20 near the 
upper end 22 for passing gas into the ?uidized bed. In the 
preferred embodiment, each of the four vertical passage 
ways 16 in the module 10 is ?tted with a cap 26 to prevent 
the back ?ow of particles into the passageway 16. Each cap 
26 has several horizontal holes 28 for admitting gas to the 
bottom of the ?uidized bed. The caps eXtend upward from 
the module 10 approximately 1 inch in the eXample shown. 
The entire module 10 is made from refractory materials. 
The main body 30 is made from a castable refractory 
material such as a high-alumina content castable. The central 
vertical tube 20 and caps 26 are made either of ceramic or 
cermet materials. Suitable ceramics include mullite and 
silicon carbide. 
The preferred overall dimensions of the main body 30 are 
9 in. long, 9 in. wide, and 6 in. thick. A module 10 of this 
size will deliver gas to approximately 81 square inches of 
?uidized bed cross section. In reactors designed to operate 
with a ?uidized bed depth of 3 to 4 feet, the central vertical 
tube 20 preferably eXtends upwards a distance of 18 to 24 
inches above the main body 30 of the module 10. 
FIG. 2 shows an alternate module 10B of the present 
invention. FIG. 2 shows a triangular grid module 10B which, 
as shown, has a triangular cross section when viewed from 
above, as opposed to the square cross section of the module 
10 shown in FIG. 1. Each module 10B is provided with three 
vertical passageways, caps 26b, and a central vertical tube 
20b, similar to the analogous components shown in FIG. 1. 
Like the module 10, the module 10B includes a system of 
horizontal passageways 18B which are in communication 
with the vertical tube 20B. While the design of the triangular 
grid module 10B is similar in many respects to the design of 
the square grid module 10, the design of the preferred 
triangular module 10B differs in that all three sides of the 
triangular module 10B are either recessed (forming grooves) 
or protrude (forming tongues 12B) in order to ?t several 
modules 10B together. In this embodiment, two types of 
triangular modules 10B are required for the construction of 
a gas distributor. The ?rst type of module 10B has three 
recessed, or grooved sides while the second type of module 
10B has tongues 12B formed on each side. Of course other 
embodiments can be used, for eXample modules with two 
tongues and one groove, or with two grooves and one 
tongue. 
In a plan view, a triangular grid module 10B will have the 
shape of an equilateral triangle. To provide the same surface 
US 6,197,265 B1 
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area as a 9 in.><9 in. square module, the triangular module 
10B Will have sides Which are approximately 13.7 in. long. 
FIG. 3 shoWs a partial enlarged sectional vieW of the 
upper end 22 of the vertical tube 20 shoWn in FIG. 1. As 
shoWn, the vertical tube 20 includes tWo holes 24 formed to 
alloW gas to ?oW out of the tube 20 as illustrated by the 
arroWs. FIG. 3B shoWs an alternate embodiment of the 
present invention. As shoWn, the vertical tube 20 of FIG. 3B 
is identical to the vertical tube 20 of FIG. 3a except that the 
holes 25 in FIG. 3B are angled doWnWard. The holes 25 
further restrict the settling of particles in the vertical tube 20 
When the gas ?oW is turned off. The details shoWn in FIGS. 
3a and 3B apply to the structure of the vertical tubes 20 and 
20B as Well as the caps 26 and 26B shoWn in FIGS. 1 and 
2. Alternatively, the vertical tube 20 could have more than 
tWo holes 24 or 25, or the vertical tube could be open ended. 
To construct a gas distributor of the present invention, a 
number of modules 10 or 10B are ?tted together as shoWn 
in FIGS. 4 and 5. FIGS. 4 and 5 are shoWn With the tubes 
20 and caps 26 removed. FIG. 4 is a plan vieW of a complete 
assembly of nine grid modules 10. In addition to the 
modules 10 shoWn in FIG. 1, a complete assembly also 
includes perimeter modules 32 as Well as corner modules 34. 
The perimeter modules 32 and corner modules 34 form a 
passageWay 36 extending around the entire periphery of the 
assembly. The tWelve perimeter modules 32 and four corner 
modules 34 form a manifold surrounding the square grid 
modules 10. A gas inlet 38 is formed in one of the modules 
32 and is in communication With the passageWay 36 and a 
source of gas. As can be seen, gas distributors ranging in size 
from one module to a large number of modules can be 
constructed using the same basic modules shoWn. The 
modules 10, 32 and 34 are normally bonded together With 
refractory cement Which also serves to seal the joints 
betWeen modules and therefore to prevent gas leakage 
through the joints betWeen the modules. 
FIG. 5 is a plan vieW of a complete assembly of six 
triangular grid modules 10B and six perimeter modules 32B. 
The gas distributor shoWn in FIG. 5 could be used With a 
cylindrical ?uidized bed. In this case, a hexagonal grid plate 
is constructed using the triangular shaped modules 10B. As 
discussed above, alternate modules 10B have protruding and 
recessive sides, respectively. The design can be expanded to 
accommodate larger diameter reactors by adding more of the 
basic modules. In this Way, ?uidized beds of various sizes 
can be created. 
FIGS. 6 through 9 shoW various vieWs of three square grid 
modules 10 interlocked together to form a ?uidized bed gas 
distributor. Note that only three square grid modules 10 are 
shoWn for purposes of clarity. Again, a ?uidized bed could 
contain as feW as one module 10 or a large number of 
modules 10. As shoWn in FIG. 6, the modules 10 are 
supported on a metal deck comprised of a perforated ?at grid 
plate 40 placed on a plurality of I-beams 42. Of course, for 
smaller ?uidized beds, the I-beams 42 may not be required. 
In addition, the modules 10 could be supported by various 
other structures. In most applications, the metal supporting 
structure comprised of the plate 40 and I-beams 42 Would be 
exposed to the less corrosive of the tWo types of gases 
supplied to the ?uidized bed. In addition, the metal support 
ing structure Would not be exposed to the severely corrosive 
conditions Which Would be present above the gas distributor, 
or above the modules 10. 
FIG. 7 is a partial sectional vieW taken along line 7—7 of 
FIG. 4, but excluding the perimeter modules 32. The cross 
section is taken through the vertical passageWays 16 which 
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conduct gas through the grid to the bottom of the ?uidized 
bed. As discussed above, the vertical passageWays 16 are 
?tted With ceramic caps 26 to prevent the back ?oW of solids 
Which could occur When the upWard ?oW of the gas is 
interrupted or stopped. Preferably, the caps 26 are held in 
place using refractory cement. Holes 28 formed in the caps 
26 alloW the gas to ?oW from the vertical passageWays 16 to 
the ?uidized bed. Note that for purposes of clarity, the caps 
26 shoWn in FIG. 7 are rotated 90° compared to the caps 26 
shoWn in FIG. 6. A number of holes 44 are formed in the 
metal grid plate Which match the vertical passageWays 16 in 
the ceramic modules 10. The holes 44 alloW gas to ?oW from 
beloW the grid plate 40 through the passageWays 16 and out 
through the holes 28 in the caps 26. 
FIG. 8 is a vieW similar to FIG. 7 except that the caps 26 
are removed. For some applications, it is advantageous to 
dispense With the ceramic caps 26. As shoWn in FIG. 8, a 
recess 46 is formed in the module 10 for receiving the cap 
26. The recess 46 also functions as an enlarged vertical 
passage Which reduces the velocity of the gas as it enters the 
?uidized bed. By reducing the velocity of the gas as it enters 
the bed, the bed turbulence at the point of gas introduction 
is reduced Which in turn reduces particle attrition. This can 
be advantageous if the particles are fragile and attrition 
generates excessive amounts of ?nes Which are elutriated 
from the ?uidized bed, possibly Without reacting completely. 
FIG. 9 is a sectional vieW taken along line 9—9 of FIG. 
4, except shoWn Without the perimeter modules 32 for 
purposes of clarity. The section is taken along the horizontal 
passageWays 18 Which supply gas to the vertical tubes 20 
Which in turn distribute gas to the upper ?uidized bed level. 
PassageWays 18 also distribute gas from one module 10 to 
the next While supplying the vertical tubes 20 With gas. The 
module 10 on the left in FIG. 9 is shoWn With the vertical 
tube 20 removed. The main body 30 includes a recess 47 to 
receive the central vertical tube 20 Which is secured With 
refractory cement. 
The entire assembly of grid modules 10 Which make up a 
complete gas distributor is surrounded by a manifold Which 
is constructed of ceramic perimeter modules 32 and corner 
modules 34 as described above. A vertical cross section of 
one module 10 and perimeter module 32 is shoWn in FIG. 
10. The inboard side of each perimeter module 32 is 
designed to match the side of an adjacent grid module 10 
such that the passageWay 18 is in communication With the 
passageWay 36. Therefore, the inboard side of each perim 
eter module 32 either protrudes or recesses (tongue or 
groove) to match the side of the adjacent grid module 10. In 
the example shoWn in FIG. 10, groove 14 of the module 10 
matches the tongue 12 of the perimeter module 32. 
FIG. 11 shoWs tWo interlocked modules 10 of the pre 
ferred embodiment. As shoWn, the tongue 12 of the right 
module is interlocked With the groove 14 of the left module. 
As shoWn, the dimensions and angles of the tongue and 
groove are designed to provide a gap 48 betWeen the left and 
right portions of the modules 10. The gap 48 is created by 
making the angle 0t smaller than angle [3. The gap 48 Will be 
created at the top and bottom of the joint betWeen the tWo 
adjacent modules 10 When they are ?tted together. The gap 
48 is ?lled With refractory cement 49 (shoWn by the shading) 
to seal the joint and prevent gas leakage around the joint. 
Typical dimensions for a 6 inch thick module 10 are as 
folloWs: 
A=0.9 in. 
US 6,197,265 B1 
B=0.9 in. 
C=1.2 in. 
D=1.2 in. 
Where A is the length of the tongue 12, B is the depth of the 
groove 14, and C and D are the distances outside the tongue 
and groove. By employing these preferred dimensions, a 0.5 
in. Wide gap Will be created at the top and bottom of the joint 
betWeen adjacent modules 10 for ?lling With refractory 
cement. It should also be noted that the Figures are not 
draWn to scale. For example, the diameter of the tube 20 
Would actually be smaller than the passageWays 18 in order 
to keep the pressure up to a desired level. 
FIG. 12 shoWs an alternate embodiment of the present 
invention. The embodiment shoWn in FIG. 12 is substan 
tially the same as that shoWn in FIG. 6 eXcept for the use of 
ceramic ?ber paper 50 Which is laid betWeen the plate 40 and 
the modules 10. The ceramic ?ber paper insulates and 
cushions the plate 40 and modules 10 as they eXpand and 
contract during use. One eXample of a suitable ceramic ?ber 
paper is knoWn by the trade name FiberfraX. 
In an alternative embodiment of the present invention, the 
vertical passageWays 16 could eXtend upWard, via eXtended 
caps 26 or separate tubes, to supply the upper level of the 
?uidiZed bed While the vertical tubes 20 could be shorter to 
supply the loWer level of the ?uidiZed bed. In addition, more 
than tWo levels could be created by having an additional 
vertical tube extending from the modules. In this Way, there 
could be tWo reducing Zones or tWo oXidiZing Zones, for 
eXample. 
The preferred embodiment of the present invention has 
been set forth in the draWings and speci?cation, and 
although speci?c terms are employed, these are used in a 
generic or descriptive sense only and are not used for 
purposes of limitation. Changes in the form and proportion 
of parts as Well as in the substitution of equivalents are 
contemplated as circumstances may suggest or render eXpe 
dient Without departing from the spirit and scope of the 
invention as further de?ned in the folloWing claims. 
What is claimed is: 
1. A gas distribution system for a tWo-Zone ?uidiZed bed 
reactor comprising: 
an assembly of interlockable grid modules comprised of 
refractory material for introducing tWo types of gas at 
different levels in the ?uidiZed bed; 
Wherein each grid module comprises 
a) a body comprising 
a ?rst planar top surface, a second planar bottom 
surface, at least 3 side surfaces, 
b) at least one essentially horiZontal passageWay, and 
c) at least one essentially vertical passageWay 
a gas manifold comprising a plurality of perimeter mod 
ules comprised of refractory material Which surround 
the assembly of grid modules and supplies the grid 
modules With a ?rst type of gas; and 
a structure for supporting the assembly of grid modules 
and perimeter modules and for supplying the grid 
modules With a second type of gas. 
2. The system of claim 1 Wherein the support structure 
includes a ?at horiZontal deck on Which the grid modules 
and perimeter modules rest, the system further comprising: 
openings formed in the deck Which match openings 
formed in the grid modules; and 
a plurality of vertical passageWays formed through the 
grid modules and being in communication With the 
openings formed in the grid modules enabling gas to be 
conducted through the support structure and overlying 
grid modules to the ?uidiZed bed. 
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3. The system of claim 1 Wherein each grid module 
includes separate passageWays formed in the module for 
conducting and distributing tWo different types of gas, said 
passageWays including one or more vertical channels pass 
ing through the grid module for distributing the second type 
of gas and a combination of horiZontal and vertical passage 
Ways for distributing the ?rst type of gas. 
4. The system of claim 3 Wherein the vertical channels 
supply the second type of gas to a bottom portion of the 
?uidiZed bed and the combination of horiZontal and vertical 
passageWays supply the ?rst type of gas to a mid-level 
portion of the ?uidiZed bed via one or more vertical tubes 
Which eXtend upWards from the module. 
5. The system of claim 4 Wherein the vertical tubes are 
capped, and tWo or more horiZontal holes are formed near 
the upper end of each tube for introducing gas into the 
?uidiZed bed. 
6. The system of claim 5 Wherein the vertical tubes are 
capped, and tWo or more holes Which are angled doWnWard 
30 to 60 degrees from the horiZontal are formed near the 
upper end of each tube for introducing gas into the ?uidiZed 
bed. 
7. The system of claim 4 Wherein the vertical channels 
Which supply gas to the bottom of the ?uidiZed bed are 
enlarged just beloW the bed to reduce the velocity of the gas 
before it enters the ?uidiZed bed. 
8. The system of claim 4 Wherein the vertical channels 
Which supply gas to the bottom of the ?uidiZed bed are 
enclosed by perforated caps to prevent back?oW of solid 
particles When the gas How is stopped. 
9. The system of claim 8 Wherein at least one horiZontal 
hole is formed in each cap for introducing gas into the 
?uidized bed. 
10. The system of claim 8 Wherein the perforated caps are 
made of either alumina, mullite, silicon carbide, or cermet. 
11. The system of claim 4 Wherein the vertical tubes 
Which supply gas to the mid-level portion of the ?uidiZed 
bed are made of either alumina, mullite, silicon carbide, or 
cermet. 
12. The system of claim 3 Wherein the vertical channels 
are connected to vertical tubes that eXtend upWards to the 
midlevel portion of the ?uidiZed bed for supplying the 
second type of gas to the ?uidiZed bed and the combination 
of horiZontal and vertical passageWays introduce the ?rst 
type of gas to a bottom portion of the ?uidiZed bed. 
13. The system of claim 3 Wherein each grid module 
includes a body portion having four vertical sides, the body 
of each grid module being square in plan vieW and having 
a substantially rectangular cross section, Wherein tWo of the 
vertical sides of each module eXtend outWards to form a 
tongue and the remaining tWo vertical sides are recessed to 
form a groove, Wherein the dimensions of the tongue and 
groove are selected to form a close ?tting joint betWeen 
adjacent grid modules that can be sealed With refractory 
cement. 
14. The system of claim 3 Wherein each grid module 
includes a body portion having three vertical sides, the body 
of each grid module being triangular in plan vieW and having 
a substantially rectangular vertical cross section, Wherein the 
vertical sides of each body are either eXtended or recessed so 
that When tWo or more grid modules are assembled a tongue 
and groove joint is formed betWeen adjacent grid modules 
Which can be sealed With refractory cement. 
15. The system of claim 1 Wherein each perimeter module 
includes horiZontal passageWays to conduct gas betWeen 
adjacent perimeter modules and to supply gas to the assem 
bly of grid modules. 
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16. The system of claim 15 wherein the perimeter mod 
ules and the grid modules are formed such that they form 
tongue and groove joints With each adjacent module. 
17. The system of claim 1 Wherein the grid modules and 
perimeter modules are constructed of castable refractory 
materials. 
18. The system of claim 1 Wherein the grid modules and 
perimeter modules are constructed of high-alumina content 
castable material. 
19. A tWo-Zone ?uidized bed reactor gas distribution 
system comprising: 
a supporting surface; 
a ?rst source of gas; 
a second source of gas; and 
a plurality of interlockable grid modules comprised of 
refractory material supported by the supporting surface, 
Wherein each grid module further comprising 
a body, 
a ?rst passageWay extending upWard from and being 
supported by the body, the ?rst passageWay being in 
communication With the ?rst source of gas via essen 
tially horiZontal passageWays in the body, and 
at least one second passageWay formed in the body, the 
second passageWay(s) being in communication With 
5 
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the second source of gas and being disposed loWer 
than the ?rst passageWay in the ?uidiZed bed. 
20. Amethod of creating a tWo-Zone ?uidiZed bed reactor 
gas distribution system comprising the steps of: 
providing a supporting surface; 
providing a plurality of interlockable grid modules com 
prised of refractory material, each grid module com 
prising a body, a ?rst passageWay extending upWard 
from and being supported by the body, and at least one 
second passageWay formed in the body; 
positioning the plurality of modules together over the 
supporting surface; 
connecting the ?rst passageWay of each module to a 
source of a ?rst gas via essentially horiZontal passage 
Ways in the body; 
connecting the second passageWay of each module to a 
source of a second gas; 
introducing the ?rst gas into an upper level of the ?uidiZed 
bed reactor via the ?rst passageWay; and 
introducing the second gas into a loWer level of the 
?uidiZed bed reactor via the second passageWay. 
* * * * * 
